Objectives Late onset fetal growth restriction is often missed and is responsible for most intrauterine deaths. Ultrasound fetal biometry is routinely used to calculate estimated fetal weight (EFW). The aim of this study was to determine the accuracy of established ultrasound EFW formulae to identify small and large for gestational age fetuses when used after 35 weeks gestation.
Introduction
Small for gestational age (SGA) is defined when the fetal/ birthweight is below the 10th centile for a particular gestational age [1] . Even though the SGA label implies fetal growth restriction (FGR), such fetuses will include some constitutionally small fetuses as well. The proportion of constitutionally small fetuses to FGR fetuses will depend on the prevalence of such illnesses in the population [2] . FGR fetuses carry higher incidence of perinatal complications than appropriately grown counterparts. Late onset FGR is often missed and is responsible for most intrauterine deaths [1] . Therefore, accurate measurement of fetal weight is important in managing term FGR.
Ultrasonography is routinely used to estimate the fetal weight and is often used as a proxy to actual birthweight. Many ultrasound estimated fetal weight (EFW) formulae have been designed and these are based on different fetal biometric parameters [3] . Accuracy of ultrasound in predicting birthweight is more precise in early gestations, since at term there is significant deterioration of ultra sound resolution as the fluid to fetus ratio decreases, bony structures become increasingly calcified, and the vertex descends in the pelvis, making measurements of head circumference and biparietal diameter more difficult [4] . There is no systematic evaluation of accuracy of established ultrasound EFW in predicting actual birthweights in the Sri Lankan population. Despite this lack of robust evidence on the most suitable EFW formula for Sri Lankan population Hadlock formula 4 is routinely used to estimate fetal weight [5] .
The aim of this study was to validate accuracy of established EFW formulae to predict actual birth weight after 34 weeks in a group of Sri Lankan pregnant women.
Methods
We prospectively studied women with uncomplicated singleton pregnancies. Ultrasound examination for fetal biometric measurements and wellbeing tests were offered within one week prior to delivery. 
Ultrasound examinations
Ultrasound scans for estimated fetal weight were scheduled within one week prior to date of delivery, estimated according to the first trimester dating by fetal crown-rump length in the spontaneously conceived pregnancies. They were performed by an accredited operator with experience in routine ultrasound examinations at term. Fetal biparental diamener (BPD), head circumference (HC), abdominal circumference (AC) and femur length (FL) measurements were taken according to the established guidelines [6] . All examinations were performed transabdominally using GE Logic 3 machine, one day prior to elective cesarean delivery and within maximum of 7 days prior to induction of labour. Any participant with ultrasound examination to delivery interval more than 7 days was excluded from the study. Birthweights were measured using properly calibrated LAICA weighing scale with unit of measure kg; weight capacity 20 kg; range of measurement 1 kg -20 kg; division 10 g.
Ultrasound estimated fetal weights were calculated for commonly used nine EFW formulae [7] [8] [9] [10] [11] [12] [13] [14] . Measurement error was defined as the difference in size between the estimated fetal weight calculated on the basis of ultrasound fetal biometry and actual weight after birth. The mean of these differences reflects systematic measurement error (i.e. systematic under-or overestimation of fetal size), whereas the standard deviation (SD) of the differences reflects the random measurement error. To determine if there was any systematic over or underestimation of fetal size, we calculated the 95% confidence interval (CI) of the mean difference (mean ± 2SE, where SE = standard error). If zero lay within this interval no systematic measurement error was assumed to exist [15] . Normality of distribution was assessed using the Kolmogorov-Smirnoff test. Altman and Bland plot was created to see the level of agreement between actual birthweight and the difference of weight predicted by Hadlock formula 4 and Campbell formula. Furthermore, box plot was created to see the z-score distribution of difference of weight predicted by Hadlock formula 4 and Campbell formula.
Results
Three hundred and ninety three uncomplicated singleton pregnancies seen during the study period underwent ultrasound assessment between 35 +0 and 40 +6 weeks gestation. The median decimal gestational age at birth was 280 days (inter-quartile range= 6) and mean duration from ultrasound scan to delivery was 3 days (range 0-6). Patient characteristics are given in Table 1 . EFW from each establish formula was calculated separately. Formulae used for fetal weight estimation are given in Table 2 .
The mean difference between the actual fetal weight and the estimated fetal weight measured by 9 commonly used EFW formulae are shown in Table 3 . For better interpretation the difference is calculated for small and large for gestational age as well as for appropriately grown babies. Overall results show EFW either over or underestimate the actual birthweight. For low birthweight babies (birthweight < 2500 g) all most all the EFW formulae overestimate the actual birthweight while underestimating birthweight for large for gestational age babies (birthweight > 3500 g). In appropriately grown babies only the Campbell formula includes zero in the 95% CI of the mean difference, therefore it is the closest to the actual birthweight.
The level of agreement between actual birthweight and the difference between predicted and actual birthweight was given in Altman and Bland plot ( Figure 1 ). The box plot of z-score distribution of difference of weight predicted by Hadlock formula 4 and Campbell formula is given in Figure 2 . The percentage of babies within the acceptable range for differences between actual and predicted weight were 95.9% with Campbell formula and 94.4% with Hadlock 4 formula. These differences were also calculated for the small and large for gestational age babies as well as for appropriately grown babies. 
Discussion
The main aim of prenatal care is the prevention of fetal and maternal morbidity and mortality. In order to prevent complications, timely intervention is needed for patients at risk. If the method used for identification of at risk patients lacks sensitivity and specificity, any trial of intervention will be compromised. It is a challenge to estimate the actual fetal/ birthweight from ultrasound scan. Despite these limitations, clinicians routinely take decisions based on ultrasound estimation of fetal weight. Therefore, it is important to determine the validity of ultrasound EFW formula for a given population. This is the largest study to evaluate the accuracy of established EFW formulae in predicting actual birthweight in a Sri Lankan population. Our study demonstrated that the overall ability of available EFW formulae including the commonly using Hadlock formula 4 is limited in predicting the actual birthweight. Wide systematic and random errors exist with all established EFW formulae in predicting birthweights in a Sri Lankan population. Moreover, all most all the formulae overestimate the actual birthweights in low birthweight babies. Therefore, it is very important to keep this in mind when making decision on the timing of delivery in low birthweight babies. As we cannot recommend any formula that suits our population, interpretation of ultrasound EFW should be done cautiously until we develop EFW formulae suitable for our population.
Only one previous study attempted to assess the accuracy of established EFW formula in predicting fetal weight in a Sri Lankan population. Kumara et al. examined 86 singleton pregnancies and the relationship of actual birth weight with that of the ultrasonographic estimation of EFW using six different formulae [7] [8] [9] 14] . They tried to validate these formulae using correlation method. However, it is not appropriate to use correlation coefficient or regression analysis to compare actual and estimated birthweight [15] .
Many factors influence the accuracy of estimated fetal weight. The formulae included above were based on typical Western populations. Therefore, systematic and random errors are larger for small fetuses. It is thought that maternal adiposity affects the accuracy of individual ultrasound fetal measurements because high BMI affects image quality. However, maternal body mass index does not have a significant influence on measurement error [16, 17] . Interestingly, our study mean BMI was 20 kgm-2 therefore, BMI should not have influenced the measurements. Operator experience plays an important role in accurate fetal weight estimates. There is a learning curve in estimating fetal weight, significant improvement can be achieved by training up to 24 months [18] . Even with experience, there are inter-observer differences in measurements. Chang et al. measured intra-and interobserver errors in a series of 40 patients, scanned by two experienced operators [19] . They demonstrated intraobserver differences (SD) of less than 1 mm for linear and less than 4 mm for circumference measurements would result in to intra-observer differences of less than 75 g in EFW. Furthermore, inter-observer differences of less than 2 mm for linear and less than 6-8 mm circumference measurements result in to inter-observer differences of less than 85 g, or approximately 3.5%, in EFW [19] . The main strength of our study is that all the ultrasound examinations were carried out by one accredited operator therefore inter-observer difference is zero. We did not take multiple measurements from each biometry parameter; this limits the calculation of intra-observer variation.
The main limitation of many existing validation studies is that they included births that occurred over a wide range of days after the last ultrasound examination. We scanned most of the study subjects within 3 days of birth. It has been demonstrated that mean percentage weight differences are not significantly different from day 0 on days 1, 2 and 3 of delivery from last scan date [20] . Other limitation of validation studies is that of generalizability. Our study showed that mean birthweight at term in our study population is comparable to the reference range derived from the global reference range adapted to the Sri Lankan population based on the WHO survey (Mean birthweight at 40 weeks 3079 (SD 399)) [21] .
In conclusion no preferred formula for the ultrasound EFW was determined from this study. The size of the random measurement errors remains a major limitation to confident use of these formulae in clinical practice. Therefore, clinicians should be aware of these limitations before taking clinical decisions based on ultrasound EFW.
